iiiiiim^^ 

0 RjblKaapn number: Q S54 104 A2 
@ EUROPEAN PATENT APPLICATION 



@ Applicatipn number : 93300657.9 0 Int. Cl,= : C04B 41/85, B.24B 37/04 

Ig) Date of nine: 29.01.93 



@ Prtol^ : 30.01.92 JP moWi 


@ Inyenlor : Kotanu Watani, NQK InaulatdM, Ltd 


09.12.92 jP 3«i99«92 


Yagoto^iyo, 150, 3-choine, OsnolGyBnta 
Tenpaku-ku, Nagoya-slif, Alchi-ken (JP) 


@ Date of publlQation of ai^lcatlon : 


InventDf : Naroaguchi, Kunikasu 


04.Q8.d3 BuHatln 93/31 


61 Iwsno-cho, Kf»ugBi-shi 


Aichi-ken (JP) 


@ Peepnat^d Contacting States : 
^ BE DE GB 


Inyentor: Kasa^ Yashlyuld 
3-1S0, Dmofeviima, tenpalcu-ku 
Nes(va-«hl, Atehywn (JP) 


@ Applicant : NGK INSULATORS, LTD. 


@ R^sstiatlve : Paget; Hugh Charles Edward 


2>5a, Sudapcljo, Mizuho-ku 
Hagoya CIfy Al«hl Pr«f. (JP) 


etal 

MEMffiURN ELUS 2 Cursitar Sfreal 
London EC4AiBQ (GB) 



@ caramte honaycomb strut^ra wlUi graovas and outer coating, procase of producing ffia aan>a, and 
costing matartal used in the honayoomb structure. 



@ A csramlic licnayc»<inb structtm Is disckised which Indudes a. ceramic honeycomb body ha^ng a 
matrix of partitton walls (4) forming a multlplkii^ of cells (6) extending in an aklal (firec^on of the 
hon^oamb body. The radially outemnost array of the c^ are open to an outside of Ihe honeycomb 
body m radial directions thereof, to provide a plurality of grooyes (12) fcmned in an outer periphery of 
tlia honeycomb body to extend in the axial direction. The honeycomb sbucture further indudes ah 
outer ooaUng (16) which fills at least the grooves to cover tiie outer periphery of the oeFamIc hcmeycon^ 
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SACKGROUND Oi= THE IMVENTION 
Field o f t he Invention 



5 The present inv^ntlpn relates jgenersaiy to a osram'ic hcmeyoomb structure , a process of producing the hoth 
eycomb structure, and a ocpting matdrlsil ueed In tlie structure. Tlie Invention Is partloul»ly opncarnad wtth 
a technique for effeedvefy reinforcing the Oeramic honeycomb structure and fadlitatinQ pfaduoHon thereof, as^ 
suring easy and wide apptlcatjon tsf the iiorteycomb structure produced. 

10 Efecusgioji of t he Pr?or Art 

! n recent years, it is under discussion to Intensif y automotMie emission regulations to meet a grovvir.g ds- 
mand for preventiro air pollution. At present, a catalytic converter having a ceramic lionaycomb sb-ucdure as 
a catalyst SMlffllrate or support ia utHizedfor purifyir^ aBJtc»notHleaxhaust g.as or emissions. Ttie ceramic hon- 

is eycomb structure is formed by extrusion s& an integral body wit ti a muiflpiitiity of tiiitMjgli-lioles or calls defined 
by tioneycomb ttifn walis. As a meawre to further improve the catalyac conywston or purtfio^lon effitaency 
of the catalytic oMiverter, it t»as beftn proposed to improve a so-caHsd warm-up charaiSeiistioof the converter, 
namely, to enharKse the catalyac activity from the beginning of operation of the converter, by reducing the heat 
capacity of the tioneycomb structure and thereby shortening the time required for heating the structure to a 

26 sufficlentiy high Operating temperature. 

In order to reduce the heat capacity of the ceramic honeycomb structure, there is a need to reduce the 
weight or bulk or apparent density <rf the honeycomb structure without changing its geofnetrlo surface area. 
To meet this need, it Is proposed to reduce the thinness of the walls or webs defining the cells or to increase 
the open porosity of the honeycomb structure. As the easiest way to enhance the catalytic conversion effl- 

^ Ciency, it Isalso proposed to increase the Sffea of the honeycomb structure which supports t he catalyst, namely, 
th^ vQ!vin)e of the honeycomb structure, in the automobile application, however, It Is difficult to change the 
area or space In an automobile for instailattmi of the converter. If a plurality of honeycomb structures are con- 
nected in series to thereby increase the total volume of the honeycomb structures, the resistance to flow of 
exhaust gas ah automobile anglne is undesirsO^ly increased with a result of a reduced engine power, for 

30 example. To Improve the catalytic conversion efficiency, therefore, It is preferred to reduce the thicicness of 
lha walle partitioning the ceils of the honeycomb structure and increase ttie open ponDsity of the structure, 
so as to increase the vdume or oatalyat-faearing area of the honeycomb catalyst support without increasing 
the resistance to the exhaust gas flow. 

On the other hand, ejdJaust gases emitted by adiesel engine car are purified in terms of particulates emit- 

36 fed particularly from the diesel engine, as well as NOx, CO, and HC which are siso emitted from an ordinary 
gasoline engine car. In purifyii^ the exhaust gas from the diesei engine , therefore, a diesei particulate filter 
(PPF) is employed to remove the parBotilates wh»e the honeycomb structure is employed to remove NOx and 
others by a three-way oatalyUo conversion. Since a relatively large amount and high concentration of e>*iaust 
gases are emitted by the type of vehicles, such as largB^^ized buses and truclra, in which diesei engines are 

« installed, a sufficiently iarge-sized honeycomb structure having an outside diameter of as large as 300mm is 
needed to purify the exhaust gases In the manner as described above. 

Ail of t he above-described measures to effectively control the exhaust emissions, such as reduced thick- 
ness of the honeycomb walls, and lowered bluk of the honeycomb structure due to increased open porosity 
thereof, result in reduction in the mechanical strength of the honeycomb structure, and thereby caiise various 

« problems to the structure. For examine, it is extremely difficult to achieve sufficientJy reduced thickness of the 
honeycomb walls from the standpoint of production engineering. Upon e^ffruston molding of the thin-vraiied 
honeycomb structure, the extruding rate or speed of a day varies depending upon p.ortiOTis of an pxtruaiqrt 
die from which the clay is extruded, and an outer peripheral portion of the honeycomb siruotuie (green body) 
may suf fer from distortion or defor mation of the ceBs, or cracks iii an outer wall of the structure. The thus ex- 

so truded honeycomb body has a low meohanicai strength and mayiher^ore sufferfrom breakage or deformation 
of the cells due to its own weight, which results in lowered dimensional accuracy of the resulting honeycomb 
product. Since a portion of the honeycomb structure having such defective cells is likely to be broker at the 
early perkJd of use of the strucfeire, due to the lower mechanical strength thereof compared to the other por- 
tions, it is necessary to remove the defeds in the crtis to assure a aufficienfiy ft^h strength of the thin-wailed 

» honeyccmb structure as a whole. Even If the thin-walled hon^^oomb struck consists of norn:tal cells which 
do not indtide distorted or deformed cells of low mechanical airength ^d lia$ an Integrally formed outer w^l 
which 18 free flmm cracks, sm^ a honeycomb structure Is atiil iin8atisfa(*3ry jn its iaostatJc strength p.e., 
strerilth to endure uniform gripping force exerted on the outor vrall) when the ata-uctute is subjected to canning. 
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This makes it necessarj' to provide a reinforcing manber on the pufer wall of the structure. 

When the honeycomti structure Is la*ge-slzed to achieve a diameter of alDOut 300mm, so as to provida a 
large-sized catalyst support or DPF, it is difficult to form by molding an outer wall having a uniform thlckn^ 
as an Integral part of the structure. In addition, the extruded green body of the honeycomb structure is poor 
in its ability to keep its shape due to ite considerably tow mechanicaf strength, and suffers from breakage or 
dBtqrmation due to its own weight, resulting in ppra- dimensional aocutacy. In particular, an outer peripheral 
portion of the honeycomb structure has an exttemely low mechanical strength. 

Invlewofthe above situations, it is proposed in.JP-B2-S1-44713l»ooverthe outer periphery of the hon> 
eycomb structure with a mixture of sodium silicate and zirconium silicate, in order to peinforce the Structure, 
For the same purpose, a water-repellent reinforcing refractories may be provided on the outer circumferential 
surface of the honeycomb structure, as disclosed in Publication No. 50-48658 of Unexamined Japanese Utility 
iVlGdei Application (JP-U-50-48868), It is also proposed to provide a glaze coating on the outer circumferentiai 
surface of the iioneycofnb structure, as disclosed in JP-U-53-1 33860. It is further proposed in JP-A-56-129042 
assigned to the assigns© of the present application to fill passages or through-hoies in an outer peripheral 
portion of a honeyfxwnb support with a suitable ceramic nriaterial. so as to strengt h the outer peripheral portion, 
in JP-U-63-14483e also assigned to the present assignee, it is proposed to provide a covering layer as rein- 
forcing means on the outer wall of the honeycomb structure so as to compensate for 9 difference between 
the actual diameter and an intended diameter of the structure. 

However, the known reinforcing means provided on the outer periphery of the honeycomb storucture may 
be unsatisfactory in their reinforcing effects, or may have pooriieat-resistance properties. The covering layer 
Indicated just above tends to peel of f or form cracks t herein, for example. Thus, none of the known honeycomb 
structures is satisfactory in alt terms of Its mechanical strength, heat-resietanoe, thermal shock resistance and 
operating .reliability, to the extent required for the strucdue to appraprtBtely serve as a honeyconib catalyst 
siupportfcMr t»fl1fying automobge exhaust gases. 

SUiffllfiM^ OF WE INVENTION 

it te thereftwe a first (AJect of the present invention to provide a honeycomb structure which is effectively 
reinforaed witti an outer coatirig teiving an intproved resistance to peellng-off, assuring Improved heat resis' 
30 tanoe and thermal shod; resetance, and whidt can be produced with ease, permit&ng an easy and wide ap' 
plication in practicalHuse. 

It is a second object of the Invention in frovkie a process Of produdng such a honeycomb structure as 

described above. 

It is a third object pf the Inventkin to prcvkje a coating material which is suitably used for the outer coating 
35 of the honeycomb atructuce. 

According to a first aspect, the jrosent Invention proWdes a ceramic honeycomb siruc^ire oomprislng: a 
qeramlc honeycomb body 4mving a mabi>( of. partition w«ill$fbrmln9.amultlpltei^of cells axtendtng in an axial 
direction orthe honeyoombbody, a radlany oulermoet ariay ofthe multiplicity of cells tffiing open to an outsMe 
of the honeyoomb..bodyin radial directions therepf, to provide a plurality pf groovy ft^tned in an outer periphery 
40 of the honeiycon^) bochrso as to extendin the axial dlraclion: and an outer coating which fills at least thegrooyes 
to opv€Nrthe outer periphery of the ceramlo honeycomb botty, so.as to provide an outer surface irf the honey- 
comb structure, 

in the cerBmic honeyppit^ eiructure B(^:iGniing to the present invention, the ceramle honeyconvb body is 
formed at its outer periphefy mth axial grooves, whtdi are f Hied vMh a coating materia! for fbnnning the outer' 

« coating which ghrae an outar surface of the honeycomb stnioture. Hie tlHie constriictBd honeycomb siructu re 
is effi>ctively reinforoeci i>y the outer OMting, without suffering iinom reduction of the strength during 9» use 
due to peeling-off of t he coating. Further, the thermal shock resistance of the honeycomb structure Is not de- 
terioration even if the outer coating is provided for reinforcing the honeycomb body. 

The present honeycomb structure thus reinforced is free from peeling ofthe outer coating, crack formation 

so and others, a^uring significantiy improved heat resistance and thermal shock resistance. The honeycomb 
structure having such charaoteristics may be easily produced with sff^iiyely enhanced diitienekinal accuracy, 
to achieve a desired outskle dimeter and cyiindricity. The thus opined honeypomb structure is euitaUy used 
for a catalytic converter or exhaust gas purifying apparatus. 

According to a second aspect, the present invention proindes a process of producing a ceramic honeycomb 

as structure comprising the steps of: (a) preparing a ceramic honeycomb body liaving a matrix of partition wadls 
forming a mulSplicity of cdls extending in an axial directnn of the honeycomb body, a radially outermost array 
of the mul^plidty of cells being open to an outskle of thehoneyoomb bo^ in radial dinectipns thereof, to provide 
a plurality of grooves ibrmsd in an outer periphery of the hcneycomb body to extend in the axld dtrecticH); (b) 

3 
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preparing s coating mgterial comprising as msyor components csordierite particles and/or cersanic fibers, and 
3 colloids^ oxide; (c) applying the qoattng msiterte! to the ojter perlplifsry of the ceramic hooeyoomb body to 
fill the grooves, so as to fatn an outer coating which ghtes an outer surfecs of tha htsieycomb structwe; and 
(d) {frying orf iring the outer ooatins farmed on the outer periphery of the ceramic hon^comb body so that 
$ the outer coating is secured to the ceramic honeyDomb body. 

Aocofdlng to a third aspect, the invention pcDv^daa a ooatins material used ftirformirtg an outsr coating of 
a ceramic honeycomb structui*. coitipiisine as major oomponanta cordjerlte parilcjas and/or cawimic f ibars, 
and a coiioidai oxide. 

The coating mateilai inciudlng the oordierite particles and/or ceramic fibers as an aggregata and the col^ 
10 torn oxide as m inorganic binder is advantageously used for forming t he outer coating which Itorjns an outer 
surface of the oaraBnIo hon^omb structune. The honeycomb structure with the thijs formed outer coaling 
exhibits an effectively increfssed Isostatic strength and an exi^ilent thermal shock resistance. 

BRiJEF DESCRIPTION T]4E DI%AWlNfi 

16 

The above ,aad optional object, features «id advantages of the present Invention will be better understood 
by reading the foHowlng description of some examples of the hweniion, when oonsWered in connection with 
the accompanying drawings, in which: 

Fig. 1 is a perspective \riew showing a honeycomb body fcrmed by extruaion, which has distorted ceiia 
20 and cracks in its outer peripheral portion; 

Fig. 2 is a fragrnantary eniaiiged ^ showing the dieted cells and owicks-in tha honeycomb body of 

Fig. 1; 

Fig, 3 Is an enlarged vkm showring an outer periphetaJ porBon of a oeramlc honeycomb body used in t he 
pieisent invention; 

ss Fig . 4 Is & view corresponding to that erf Fig . 3, in which an outer coatlrni is formed on the outer periphery 
of the c^amic honeycomb body of Fig. 3; and 

Fig. 5 Is a perspective view of one embodiment of a ceramic honeycomb structure of the present invention, 
in which the ceramic honeycomb body of Fig. 3 has grooves at its out«- periphery, vrhich an filled with a 
coating material wrtilch gives ttie outw coating. 

30 

DETAILED DESCRiPHON OF THE PRESEI4TiMVrEMTI0N 

The oeramlc honsyownb body which constitutes tiieceramic hon^oomb structure of the present invention 
is tisualiy formed using a cordierifB ceramic material by eidrislOn, drying and f iri ng . in producing a I arge-^izfld 

35 honeycomb body, or a thin-walled honeycomb body having thin walls or webs forming cells, it is dffioutt to 
form an outer wall as an tntegrai part of the ceramic body without causing any defects in the outer wall. Namely, 
the honeyoombbody produced suffers finamdeibrmadon ordlslortion oftheceDs In Its outer peripheral portion^ 
and tram cracif? which may ocdfl- In the outer w^ll (outer oirCMnr^rentiai ^face). 

More specif Icdly dttcribed referrhg to F^s. 1 and 2, a honeycomb body 2, which Is Imtegraily formed by 

40 extrusion using a cordierlte ceramic material, has a matrix of partition walls 4 forming a multiplicity of through- 
holes or ceils 6 winose ske is determined depending upon its specific application, in <ji her words, t he calls 6 
of the honeycomb body 2 are defined or partitioned by the walls 4, and extend from one axial end of the body 
2 to the other. As is apparent from Fig. 2, the partition wails 4 in an outer peripheral portion of the honeyaamb 
body 2 ain defwrned, giving rise to a distorted cell portion 8 in which the cells 6 are distorted or deformed. 

4S yiriilift some .oraci« 1 0 are formed In the outer wail of the honeycomb body 2. 

Qeneraily, a three-way catalytic converter or diesel particuiate filter (DPF) using a ceramic honeycomb 
structure is installed on an automobile such that the honeycomb structure provided with a wire mesh wound 
on Its outer circumference is accommodated in a casing, if the honeycomb body 2 having the distorted cell 
portion 8 and craciss 10 as described above te used as the ceramic honeycomb structure, the honsycomb body 

so 2 will be broken within the casing, due to a compressive force exerted on its outer periphery, and thus fails to 
serve as a catalytic converter orf liter. While the honeycomb body 2 needs to be reinforced, It k no use providing 
the Itnown reinforcing means on the outer periphery of the honeycomb body 2 with ife radially outer portion 
suffering cracits or defects (e.g., distortion) of the cells, since the breai<age talces place upon insertion of the 
honeycomb body 2 into the casing, at a portion of the body 2 which has the lowest mschaniciai strength. While 

6s the honeycomb body 2 thus reinforced may have an increased nnedianicai strength at its out*- peripheral por- 
ton including the reinforcing means, the distorted cell portton 8 jsovided with no r«infaroing means has the 
lowest mechanical sfrength, and is therefore most liltely tp be tiroken. Thus, prosriding reinforcing floeans on 
the outer periphery of the honeycomb body 2 does not yfeld suff icient reinforcing effects, in the prss«u:e of 
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the cells being distorted or deformad. 

While the above phenomenon occurs in the hon^ccmb body 2 having ths .^istojrt@d celt portion S, the 
honeycomb tmdy 2 suffering no distortion of the cells 6 m its outer peripheral portion stm suffers from a conr 
siderabiy low mechanical strength (which is represented by the teoslatlc strangth as irtdlcated above) as the 

s thiokness of the walls 4 is reduced, making it necessary to reinforoe the honeycomb hody 2- W a rBiflforcing 
layer is pnvlded on the outer periphery of the honeycomb body 2 with ts outer wslHeft as It Is, the fhidai^ 
of the outer wa!1 is inevitably Increased, with a re^t of an incraased dinsrehce b«>twesn the thlckna^es of 
the partition walls 4 and the outer wall. As a residt, the honeycomb strudture Is subject Id Increaaed thermal 
stresses when it expands or contracts at a high temperature of axhaust gag durtnfl Its use, or upon baking of 

10 the ca^lyst on the ceramic support during Its manufacture, whereby cradcs are lt«Ny to be formed in the struc- 
ture, i.e., the thermal shock resistance is deteriorated. F^urther, the contact area between the relnforx^ing layer 
and the honeycomb body is relatively sm^l If the honeycomb body is reinforced with the reinforcing layer cov- 
ering or coating the outer wail. Therefore, the reinfbrcing layer is likely to peel off, and fails to provide a suffi- 
eientiy high reinforcing effect. 

15 In view of the above, the ceramte honeycomb body of the ceramic honeycomb gh-iicture accordins to the 
prasftnt hventlpn doae rwt .havre an Integrally formed outer wall. Namely, (he honeyocHinib body has a piuralHy 
of axial gnioyas formed at Its auter periphery and defined by the parflUon w«dls forrrdng itie cells. More spe- 
cif ically described referring to Fig. 3, a ceramic honeycomb body 14 has a matrix of ^ki partition walls 4 forming 
a multiplicity of cells 6 which extend in the axial directicm of the body 14, and a plurality of axial grooves 12 

20 cwrresponding to a radially outermost array of the cells 6 which are not separated by walls 4 from the outside 
of the body 14, i.e., which are open to the outside in the radial directions. This honeycomb body 14 with the 
grooves 12 may be easily produced by grinding the outer per^heral portion of the honeycomb body 2 (Fig. 1) 
ixroduced by t heknown extrueion method and Mng an IntegrBl out^ waH, unai theouter wall and t he distorted 
cell portion an» removed fiiom the honeycomb body 2. The honaycomb body 14 may be aleo formed by fiKtru^ 

25 Bion without an outer wall, with its outer peripheral porSon being shaped as shown in Fig. 3. In the latter case, 
it is easy to control the extruding rate for the honeycomb b^xly oraislstlng solely of a raiativaiy unHprm hone>- 
combed portion, taking no account of the extruding rata for the outer wsdl vi\\(st\ needs a different amount of 
materisd batch from the honeycombed portion. Aocordlngiy, distortion or deformatiion of the cells In the outer 
peripheral portion Is effet^vely limited or avoided. 

30 As a result of grinding or controlled extrusion as described above, the oeranik: honeycomb body 1 4 of tlie 
present invention doss not induds distorted cells in its outer pwpheral portiwi, whereby a honeycomb struc- 
ture using the honeycomb body 14 does ruA include a portion having an excesslveEy tow mechanteal strength. 
Accordingly, the honeycomb structure is given a significsnBy improved isostatic strength by providing ah outer 
coating 16 {which will be described) on the outer periphery of the honeycomb body 14. 

35 On the ceramk; honeycomb body 14 having the axial grooves 12 on its outer periphery, the outer coating 
1 € having a suitable thiciuiess is formed such that at least the grooves 12 are filled with a reinforcing coating 
materlsd which gives the coating ie, w^enaby an intended ceramic honeyeomb structure \$ olj^lned v^ch is 
reinforoed at its out^ periphery. Namely, a sidtaUe coaBng material 1$ api^ied to the outer peiipher^ portiori 
of the honeycc^t) body 14 as shown in Fig. 3, so as to fill at least the axial grooves 12 which are open to the 

*) outside, as shown in Figs. 4 and 5, to thereby provide a ceramic honeycomb structure 18 having the outer 
coating 16 as its outer wall. The honeycomb structure 18 whose ogtw surface Is provided by the coating 16 
has a suitably controlled OLter diameter and cyltn*icity, and assures an effsctiwily improved isostatic strength. 

I n the thus obtained ceramic honeycomb structure 18, a relatively large contact area is achieved between 
m outer coating 16 and honeycomb body 14, since the axJal grooves 12 are formed In the outer periphery of 

45 the honeycomb body 14. TWs sffBptlvflJy prevents gr inhlbila peeling-of f of the pUler ooatlitg 1 6 ftom the hon- 
eycomb 1iody 14. In addlSgn, the hori^mb body 14 does not have iEUi Integrally formed outer weril, and thus 
may be formed with a relatively thin outer wall given by the outer coating 16, while assuring a similarly high 
degree Of mechanical strength as the known honeycomb body with a reinforcing layer formed on its intagial 
outer wall. In this case, the dSfference in the thicknesses of the honeycomb partition walls 4 and the outBf 

50 wall (outer coating) 16 can be advantagecwsly reduced, thereby alleviating the thermal stresses which occur 
between the outer wall 16 and the honeycomb hody 14, and making the lioneyoomb structure 18 highly re- 
dstant to thermal shock. 

Although the thermal expansion and contraction of the reinforcing coating material applied to the honey- 
comb body 14 are generally greater than those of the honeycomb body 14, such expansion and contraction 
SS may be effectively alleviated by the partition walls 4whjch def ine the axial grooves 12 and the cells 6, resulting 
in reduction in the sto-ains which occur in the oui^ wall (16) fwmed of the coating material, Consequently, the 
honeycomb structure 18 whose outer surmcek provided the outer coating 1« filing the axial grooves 12 
ensure? a sufficiently high mechanical strength upon its installeSpn on an automobile, and displ^ an excellent 

S 
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thermal shock resisiance with high reilablilty during Its use. 

In the ceramic honeyppn* structure 18 construdBd ^ jiescrlbjBd above, the outer coating 16 whicfi gives 
tlw outer wdl of the structure 1 8 is generally formed by using an aggregate and an inonjanle binder for bonding 
the aggregate tt^^her. Parequla-ly used as the aggregate Is cordierite in the form of particles (sintered pow- 
der) which has a smail coefficient of thermal expansion and whose crystal phase has not been changed due 
to its heat history. Thus, the outer coating 1 6 has a primary crystal phase which consists of cordierite. The 
cordierite particles are preferably used as the aggreagate for the following reason. Namely, upon heating and 
cooling of the honeycomb structu-e, thefmal stress occuTins in various portions of the structure are con- 
cenlraled to the int«i1iaee between the honeyotart) body and outer ooating. Such thermal stresses are mini- 
mized when the honeycomb bpdy and outer ooatin? have the sane deflree of thermal expansion. Otherwise 
theiowerthermalexpanslon of the outer coating Is preferred for effectlvrtypffeveniing cracks and otherdefects 
in the outer coating (outer wall) due to the thermal stresses. To reduce the thermal espansjon of the outer 
coating, it is effective to reduce the thermsd expansion of tiie aggr^te, to be lower than that of a matrix pro^ 
vidsd by the inorganic binder having a reiad wiy high (ioefficleot of thermal expansion. Accordingly, cordierite 
having a.«mall poefflcientof thermal etxpan^ion Is favofobly used as the aggregate, to thereby reduce the ther- 
. mal exipansion of the outer qoafing, and make the resultant honoyocmib sfructtire highly resistant to thermal 
stmsssG. 

The cordierite usedas the aggregate is generally in the form of a sintered powder having the average par- 
Me size of 50 urn or smedler. Prelisrably, the cordieilte powder is a blend of relatively minute particles and 
relatively coarse partides. Forexiample, the cordierite powder is a mixture of first particles of the average par- 
ficie size of 15 jj,m or smaller, and second particles of the average particle size of 30 \un orlarger. The ccrdlerite 
partides may be wholly or parlfe^fy replaced by osnamioflberafrarined of amorphous mulliteorainprphpuesilfea 
alumina, forexaniple. The use of such ceramic fibers is advantageous bi avoiding cradts h the outer ooating 
and effectivoly praventlng peeling-off of the ooaiHng. The ceramic f^re have a fiber Imgth of 1 0-1 S («n and 
a f iber d iameter of about 2-3 ]im. 

The aggregate, such as the cordierite partides or ceramic fibers as desoribsd above. Is bonded together 
fay the above-indicated matrix pnsvided by an inoiganic binder which constitutes the outer coating. The matrix 
is generally an amorphous oxide matrix, which is prefers Wy formed by using colloidal silica or colloidal alumina 
as the Inorganic binder. While known inorganic binders, sufsh as water glass or alumina cement, may be used 
as the inorganicbinder according to the presentlnventicm,:theuseaf colloidal silica or colloidal alumina In par- 
tioular leads to signtf IcenBy enhanced heai resistance of the 04Jt«r ooating 16 as the outer wall of the honey- 
comb body 14, and significantly improved thermal shodt resistance of the honeycomb struchire IB thus Ob- 
tained. 

When the colloidal oxides, such as colloidal silica or colloidal alumina, are used as the Inorganic binder, 
the outer coating 16 desirably contains 3-35 parts by weight of the solid portion of the colloidal oxides per 100 
parts by weight of the cordierite partides and/or ceranio fibers, the colloidal oxides need to be used In a pro- 
portton of at least 3 psnrts so as to provide an adequate strength of the outer coating and appropriately bond 
the CQniKrite partides or ceramic fibers toee^her. Too targe proportion of the use of the colloidal oxides results 
in detMtoration of the thermal projsertles of the outer coating, and cotisequenfly, those of t he honeycomb struc- 
ture as a whole. 

in producing the ceramic honeycomb structure according to the present invention, a coating material is 
favorably used which contains the above- Indicated cordierite partides and/or ceramic fibers and colloidal ox- 
ides as major components: The coating material forms tiw outer coating which gives the outer peripheral por- 
tion of the honeycomb structure. To the coating material may be added as needed a suitable aid, such as an 
organic binder, for ad|usting its viscosity, in view of the work efficiency in coating the honeycomb body with 
the coating material . The thus prepared coating material is applied to the outer periphery of the honeycomb 
body 14 as shown in Fig. 3, which has the axial grooves 12 formed In the outer periphery according l» tlie 
invention. The coating material thus applied fill the grooves 12 of the. honeycomb body 14, and provide tiie 
outer coating 16 having a suitetJe thicitness. The honeycomb body 14 is coated wfth the coating materiel by 
various known coating methods, which indude brush ooating, dipping, spray coating, flow coating or slushing. 
The spray coating is carried out with the viscosity of the ooaSng material suitably reduced. 

The outer coating 16 thus formed on the outer surface of the honeycomb body 14 is then dried or fired 
as needed, depending upon the Jdnd of the cpaUng jnaterlai used, whei«by the outer coating 16 is secured to 
the ceramic honeycomb body 14. In this connection, the honeycomb body 14 may be fired upon the firing of 
the outer coating 18. 

Thus, the present ceramic honeycomb structure 18 Isobtained by fMing with the ooatir^ rnatsrial atleast 
the axial girooves 12 formed in the outer pariphery of the ceramic honeycomb body 14, so as to provide the 
outer coating {reinforcing fayar) 16 which serves as the outer wall that gives the outer aurfacs of the strucaire 
6 
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1 8 . The t hus obtained honeycomb ^ucture 1 8 is flxooileni in its best reisistance and tttermal shocl< resistance, 
assuring a high strength Mjffldem for Its practical use, t=^«fereb1y, ttiehoiie/obinfastiuBbrs ISihasanisostatib 
strength of Skg/cm^ or higher, Is resistant to therms shock of 700-<C or higher, and suffier from cracks at 800°C 
or higher. Whil^ the honeycomb structure 1 8 having these properties may be advantageously used as a cat- 
5 alyst Support for purifying exhaust gas^, the same structuie may be fiavorably used as a diesel parSicutalB 
flter (DPF) or a rotary haat rogsnerator, fix fexarnpla. 

DETAU.B) OESCR«*TiON OF TOS IJWENTION 



IP To 1iirti>er clarify the ootwept of this invention, there snrii be described some examfHes of the invention, 
for niustfative purpose on^, towhich the presmt invertion Is not llmtted. it Is to be understood that the |]>resent 
invention may be ^bodied with v»ioua changes, mpdifkiatipns and improvernenis rnade in the jjlustrated eX' 
amples, which may occur to those skied In the art, without dsparting ftom the scs^ of the inv«]tion. 



IS SXAMPt-E 1 

Afinst group of conjieilte honeyoomb bodies were prepared, each ha^ng an outside diameter of SOPnnm, 
alength of 3Q0mm, a honeyooinb wall thidcness xrf 150^m, and 62 cells per Icm^ of orosssectionai area, and 
being formed integrally with an out^ circumferential wall. These cordlerlte honeycomb bodies had distorted 

30 cell porflow (.8) in respective outer peripheral portions, as shown in Figs, 1 and 2. The distortion or deformation 
of the obIIs in the portion (8) was inevitably caused by the weight of the honeycomb body per se having the 
outside diameter as larse as 300tran. Asecond^oup of cordieiite honeycomb bodies were prepared each hav- 
hg sm <»jtslde diameter of 31Dmm, a length of 30Qrnm, a honeycomb wall thickness of ISO^m, and 62 oells 
per Icm* of cross seoHonal area. Eaoh of tlwse honeycomb bodies had an integrally formed outer wall, and 

26 distorted cells In tta outer peripheral porlioli. For each honeycomb body, the outer peripheral portion was 
Sp^und to eliminate the distorted cells, to thereby provide a 300mm-diameter hon^comb body (as ehovyn In 
Rg. 3) having axial grooves (12) which are open on its outer circumferential surface. 

On the other hand, coating materials No. 1 through No. 5 were prepared'using a cordieiite powder A end 
an Inorganic binder A, 6 or C as indicated In TABi.£ 1 , which wars mbtad togethsrlr the pro portions as indicated 

so In TABLE 2. The mixture was kneaded with water, into a paste which can be applied to the ceramic honeycomb 
body. In this manner, the coating materials Nos. 1-5 having respecflve compteitlons as indicted In TABLE 2 
were prepared. 
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T A B L E 2 



s 


Coating 


Cordierite 


Inorganic binder 




material 


powder A 


(parts by weight*') 


w 














Na 


(parts by weight) 


A 


B 


C 


16 


1 


I 0 0 


2 0 






20 


2 


1 S 0 




2 0 




25 


3 


1 0 0 






2 0 




4 


1 0 0 






1 0 


30 














5 


1 0 0 






S 5 



*1: Solid portion of inorganic binder 



Suteequently, the coating materials as Indicated in TABLE 2 were applied io the outer peripberies of the 
40 first group of non-grooved honeycomb t>odies each having the integral outer wall and the second group of 
grooved honeycomb bodies (without outer walls) having axial grooves in their outer peripheral portions. The 
honeycomb bodies were then exposed to the atrhosphere for 24 hours, and dried for two hours at 90°C, to 
thereby provide various cordierite honeycomb structures provided with respective outer coatings. The thick- 
ness of the outer coatings thus formed were in a range of about 0.1 - linm. Various performance tests vkms 
4$ effected to determine the properties of the respective cordierite honeycomb structures with the outer coi^tinge. 
As a comparative example, there was prepared a cordierite fioneycoinb structure formed Integialiy with en 
outer wall and having an outside diameter of 300mm, a length of 300mm, a honeycomb wafl thiokne^ of 
1 5Q\im, and 62 ceils per 1 cm^ of cross sectional area. This cgmpanative example had no axial gmova^ and no 
outer coating at the outer peripliery t hereof. Similar perfbrmanoe tests were effected on this honeycomb str.uo- 
60 hire, and the remits of the tests are indicafed in TABLE 3 below. 
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SO The isostatic strength was tested in the following manner, using four test specimens (i.e., honeycomb struct 
tunes) for each item in TABLE 3, initially, each test specimen was sealed with about20mm-thicl<ness afuminutn 
sheets applied to the upper and lower end faces of the speoimen via about O.Smm~thlckness urethane sheets, 
ami with a 0.8mro-thicl(neas urethane sheet surrounding the putBrctFoumfierefttial surface of the specimen, 
tlieji, the specbnen was put Into a presaire vessel filed with water, ?nd the proMure in ttie vessel was liaised 

66 incrementally, until the noise of crack formatlpn iapk place when the pressure was meaeumd as the Isostetlc 
strength. 

The thermal shock resistwiea and .o-ack-fgrming tempeiahire were measured In the MIowlFig manner, usr 
ing three test apecbnens (i.e.. honeycomb structures} for each item in TABLE 3. The test nsuits ^m indicated 
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in TABLE 3 are of the average of the three test specimens. Initially, a honeycomb structure as a test specimen 
was disposed on a metal screen in a frame, heated in an electric furnace held at 700°C, and then took out of 
the furnace after one hour. Then, the appearance of the honeycomb structure was visually observed, and the 
miter wail of the structure was lightly tapped with a thin metal stick. If no crack was found as a result of the 

ff observation while the sound of melal vvas made upon tapping, the honeycomb structure was held out of the 
furnace tor an hour and cooled down to the room temperaUtfe. and then reheated in the etecttio furnace held 
at a temperature whic^ is 25^C or 50°C h^her than the previous hearting temperature. These steps were re- 
peated until the tvonoycf^b strtjcture was bncricen. The I>reaka09 wb9 <Jetected when any crac^ was found or 
the tapping sound was duR. The thermal shock re^tanoe ae Indicated in TABLE 3 is lepip^nted by the max- 

10 jmurn t^perstum at wftlch the honeycomb structure was not bpcrtten. In t Wa last if no cmt* was found In the 
buter coating when tha honeycomb ^rticture was broltan, the stbdva heating sta|» wdre repealed unti any 
crack was found in the coating. In TABL£ 3, the temperature of crack fcrmatldn is jisprBssnted by the heating 
temperature at which a crad< was first found. 

The peel-off strength was tested in the following nianner. Initially, a test specimen of SOmm^ength hon- 

15 aycomb body was cut out of each honeycomb structure, whk:hspeclman is (^>Hded at one of Kb oppoalls^ 
faces with m outer coating of 1 drran x lOtqm. Then, metal eheets of SOmm x 3Qnnm x iOmm wei« b(HKl$d to 
the one end face <with the ooatir^) and the (Merend face of the«peclm«n, and w$re puHed away Dram each 
otha^ until the coating was paired off, and a p^iliing fotw vpon peelins of the OQating was meaaired as tiie 
peel-off sfrength. The vibration test was conducted by wlrHjing a wire mash around the oute^ 

20 honeycomb structure, canning or inserting thestructure into a casing, and subjectinglhe canned structure to 
vibrations of 200 Hz at an acceieration of 20G for TOO houre, to detsrrnine whether the outsrooating was peeked 
off or not. The result of th^ test Is aisDlndk:ated si TABLE 3. 

It wHI be understood front the above results that the eostatic sbength la not eignificantly improved and 
thermal shock redstance is csonalderably rsducsd when the outer iaatinig ie provided on the non-srooved 

^ honeycomb structures having an integi^l oijter wail and distorted oelis in its periphemi portion. This means 
that the outer coating formed on such honeiycomb structures yields substantisrily no reinforcing effects. When 
the outer coating Is provided on the honeycomb structires having no distorted ceil portion but farmed with 
axial grooves at Its periphery, on the other hand, the isostatlc strengtti is effectively improved, and the thermal 
shodi resistance is not so much deteriorated as the non-gro^wed honeycomb structures, unless cracks are 

3D formed earlier In the outer coating then in the Irnerhoneyoombed pordon. in these honeycomb structures as 
described just above, oscks ana usually formed in the outer ooatlng at a comparatively high tsniperature. 

No significant improvement Is achieved Ih the Isostatlc strength of t he hotieyoont) structure havlr^ the 
dlsttffted ceil portion, even If the outer coating is provided on its periphery, since the structure is INcely to be 
bpoken at its weakest porfion wjilch is, in this case, the distorted cell poriion. On the other hand, the honey- 

sB comb structure with the axial groaves does not Include such distorted cell portion, and can thers^ be ef- 
fectively reinforced by the outer coating. 

With respectto the hmeycombsb-ucture havir^ the non-grooved honeycomb body with the In^gral outer 
wall, the reducSgn qf the thermal shock resistance and the low temperature of crack ftormation in tlie outer 
coating are considered to be related with the overall thtekfiess of the outer wall of the etruptifre and the area 

40 of ctHttact between the coating and the honeycomb body. Namely, ttie thkdtiness of the outer wait of the hon- 
eycomb sfa-ucture is increased virith the outercoatlng formed on th$ outar wall portion of the honeycomb body 
which Is int^ral with the hon^combed body portion, whereby the tsnsHe stress occudng in the outer wall is 
maeased due to a dlffeiaiice in the cotfficierrt of oonlraction between the hontryoombed body portion and 
the outer wall of the struobife. In the honeycomb structure having the hpneycomib trady wltti axial grooves, 

45 on tile other hand, the cuter w^l of the structiffe does not Include the outer waH portion of the honeycomb 
body but consists solely of the outer coating filling the grooves. Since the tensile stress occuring in the outer 
coating is absorbed by the parfatkm wails defining the grooves, which receive the tensile strain as ooniraction 
stress acUng thereon, the reduction of the thermal shook resistance can be prevented or alleviated. These 
phenomena have no relation with the presence of a distorted ceil portion in the honeyconib body. While the 

so isostatlc strength may be increased by providing the outer coating on a non-grooved honeycomb body having 
an integrally formed outer wall poriion and no distorted cell portiwi, the lionaycpmb striicture still suffers from 
reduction inthe thermal stiock resistanceand the low temperaturs of crack formation. This makes substantially 
no difference from tfie honeycomb structure having a non-grooved iioneycomb body with an integrally formed 
outer wail portion and a distorted cell portion. 

55 It will be also understood from the results of the peel-off strength and vibration teste that the honeycomb 
structure using the nqn-grooved honeycomb body eidiibits a reiativeiy tow peel-off strength vdth respect to 
ttte outer coating formed on the honeycomb body, with a result of peeling of tto coating in ths vits'ation test 
On the other hand, the honeycomb structure in vi^lch ttie outer coating provided on the grooved honeycomb 
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body exhtoits a relatively hish peel-off strength, causing no peeling of the coating in the vibration test. These 
results are associated with the contact area of the honeycomb body with the coating materiai for the outer 
coating. Namely, the grooved honeycomb body has a larger contact area with the coating material than the 
non-grooved honeycomb body, thereby assuring an Increased bonding strength between the coating material 

6 and honeycomb bcwly. 

It will be apparent from the above description that the honeycomb strueture with the grooves formed at 
its outer periphery and filled with the coating materiai has excellent characteristies, such as higher degrees 
of the Isostatic strength and thermal ahodi resistance and no peeiing of the outer coating from the honeycomb 
body, comparsd to the sftructure haartng a non-grooved honeycomb body. While the honeycomb structure hav- 

10 Jng f!0 outer coaflng has a poor isostatic strength and cannot be used as a catalyst support or for other praotlcal 
use, the honeycomt) structure of the preset bwentiofi. which has t he grooves and outer coating as described 
above, exhiblte snhanaedfeo^aljc strength and thermal shoel! reslsteince. and canthenefore be favorably «n- 
pioyed in practical use. 



16 EXAMPLE 2 

Various coating materials Nqb. 1-3 amd 6-23 ae Indicated in TABLE 4 thisjuglj TABLE 7 were pi epar ed usina 
the raw mSteriaiS having properties as shown in TABLE i, and the prapared material batches were mixed and 
kneaded with water, and formed into respective masses of paste adapted fbr coating on honeycomb bodies. 
2G Each of the coating materials was applied to the cordiedte honeycomb body 1 2 With the axial gnjovee ae shovm 
in Fig. 3, exposed to the atmosphere for 24 hours, and then *ied at SO-C for two houre, to prowde & KJidierite 
Jioneycomb struoturjs with the porresponding outef coating, The thus obt^d tioneyccmb ^umm were 
evaiuaied In terms of the Isostatlo strength, thermal shook raelstanoe and temperatun» of crack formation in 
the puter coating, and the results ue Indlcs^d in TABLE S. 
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*1; Solid portion of inorganic binder 
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TABLES 
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*l: Solid portion of inorganic binder 
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, Coating 
material 
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^1; Solid portion of inorganic binder 
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*1; Solid portion of inorganic binder 
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TABLE 8 



CoatKig material Np> 


Jsostatic strength 


Thermal shock resis- 
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Cracj< foFming temperature 
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Jtwill be underetoo^^ the above taUes that.the hcmeiyconib etructure has a remarkably ^creased iso> 
^tlcsirength w^^iltiilter^ass oraiumina cernent la used as the Inorganic Under of the outer coating wtille 
tte structure has considerably tiigh degrses of both of the Isostafic strength and lharmal ^tik resistance 
vdien odioldet allEca or oolloidal alumina Is used as the Inop^nic binder. AcccMidlngly, It la prefer)^ to enrqiloy 
colloidal oxides, euph 9S colioidal siliqa or colloidal edumAna, ea thelnorgenlc btnderofjhe outer coating, rather 
tlian viBSBf glass or alumina cement, so ^ to assura excellent propBrtles of the resultant honeycomb structure 
provided with the cuter costing. 

Althcwgh the lsoatatIc.s^n;gth Is mots or less Incr^sed whwt the conventi<H7aily used jdiconium silicate 
powder is used as the aggngate of the coatit^ matenai, as csomparad With when a cordierlts powder is used, 
the use of the cordierlte powdM leads to significant improvements in the thermal ahock resistance and tem- 
perature of crack formation in the outer coatinQ. Presumably, this is due to the higher ooeff Icient of thermal 
expansion of cordierite than zirconium silicate. The increased Isostatic strength is considered to be derived 
from the fact that the inorganic binder effectively acts on the zirconium sllicats powder which has the lower 
praiosity than the cwtlierite powder used in this exampie, If the porosity of the cordierite powsler Is lowered to 
be around that of the zirconium silicate powder, the use of either powder assures the same level of isoslatic 
strer^h. Namely, when the material used as the aggregate has a reialively high porosity, the inorganic binder 
tends to intrude irto the aggr^te particies, makir^ it difficult for the binder to effectively function to bond 
U» particies together. Accordingiy, jt is preferatMe to use an aggregate, particuiarly co«»]ierite pfflUdes, havir^ 
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a relativsly low poroaity. 

further, it is recognized that the cordierite powder used as the aggregate of the outer cgadng i6 preferably 
a mixture of minute partides (having ttie aver^e parttde size of 10)xm) and ooar^s psirflc^es (having the aver- 
age particie size of 3Q|tm), sinca the use of such mIxUm leads to a higher isDstatic^f^ngth a? compared with 

6 vAien the cordiolte powder corsiSts sotsty of the minute particles, coarae partided, or intermedbie particles 
(having the averse particle dize of ?Opm). This is because the cordiartte particiea having a two^p particle 
<ii^lMitlon aim closely packed together, therstiy enabling i^e outer coating to effectively fgnc^on as a 
telnfbrcing wail for the honayocHnb body. It is also noognizad that as the amount of the Jncnganlp binder uasd 
in the outer oostitig IncaneaseSj the Isostatic strength of the nssultaot honeycomb strudvre Is Incraaeed whii9 

ie the therms shodk r^stance is (teterlorated. Aithou^ the.addEtion of a large amount of inorganic binderjeads 
toan increased bonding sbength between the honeycomb botfy and the outer coating, arai an accordingly iiv 
creased i&nstafic atrersgth, the thermal stresses occur iielween the honeycomb body and the outer eoaijng 
since the thermal expansion of an oxide matrix formed by drying the inorganic bihtler is larger than those of 
the cordierite particles and the hoieycomb body, whereby tlie therirnt shock reslstanoe of the rtaulttng hon- 

ts eypomb structure is deteriorated. 

It Is further recognized that the totei ^ount or a part of the oondlerite powder may be favorably replaced 
by cereMb flbera la provide the la^gragato, anurlng the same degrees of thermal shock resetance and iso- 
static strength as vAmn only the cordierite f^iwder Is u^d as the aggregate. Further, the use of the ceramic 
fibers leads to a reisffiveiy iilgh crack-forming t«nperature at whi^ cracks are formed in the out^ coating. 



1. Aceramic hDn^comb^ructure including a oeFamlo honeyopmb body having a matrix of partition walls 
25 forming a multiplicity of cdls extending In an axial direction of the honeycomb body, characterized in that- 

a radially outermost array of said multlplitaty of cells are open to an outaWe of the honeycomb body 
In radial directions t hereof, to provide a plurality of grooves formed in an outer periphery of the honeycomb 
body so as to extend in said axi^il direction, an outer coating being provided on said outer periphery of 
s9id jser^imic honeycomb body to f Hi at least said ^xmves, so as to provide an outer surface of the hoh- 
30 eycomb structm. 

2. A ceiamic honeycomb struoture according to daini 1 , wherein said outer coadng comprises oordiwite as 
a primary cryatet phase, said cordierite being present in the outer coating In the form of particles. 

gg .3. A oetamic honeycomb structure according to daim 1 , wherein said outer coating oprr<pri8es cordierite par* 
tides, and a matrix af m amc^hous oxide for bonding said cordierite partides together. 

4. A ceramic honeycomb structure eooordinij te daim 3, wherein said oordlerlle parlicies liave the average 
particie size of not iaiger than SD^a^^. 

^ S. A ceramic honeycprrd) structure according to daim 4, wherein said cordierite particles fnduds first pdr- 
tldes having the average size of rK>t larger than ISjim, and secuid partides having the average size of 
not smafler than 30}irn. 

6. A ceramic honeycomb structure according to any ore of claims 3-5, wherein sedd outer coating ftjrther 
# comprises ceramic fibers, said matrix of em aifnorpbous oxkie bondiiHJ siiid cordierite partk^ and eaid 

ceramic fibers together^ 

7. Aceramic hon^comb structure aocording to daim 1 .wherein said outer coating comprises cerairue fibers, 
and a matrix of an amorphous oxide for bonding said oeramicf ibers ipgether. 

50 

6. A ceramic honeycomb structure according to any one of dalms 3-7, wherein said matilx of an amorphous 
oxide consist of a matrix formed of oollotdal .slQca or oolloldal alumina. 

5. A ceramic honeycomb structure according to daim 6 or 7, «riierein said oeranjc f Ibeis are formed of amor- 
phous muillte or amorphous silica alumina. 

10. Aceramic honeycomb structure according to daim 6 or 7, v^erein said Mramicf ibers have a fiber length 
of 10-15 (im and a fiber diameter of 2-3 jim. 
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11. A ceramic honeiycoinb structure according to any one (if claims 1-10, sArtildi lias an isostatic strength of 
at least 3 kg/crni', g therm^ shock resistance of notlovrer than 700'C, and a crack-fomiing temperaluft 
of not lower than 80p»C ^at which cracks are formed In the hpneyoomb structure, 

12. A procees of producing a ceramic honeycqmij structure comprising the steps of: 

preparing aoeramic honeycomb body having a matrix of partition w^lsforming a multiplicity of cells 
extending in an axial direction of the honeycomb body, a radially outermost array of said mtilttp!icity of 
cells beiii^ open to an outside of the tmneycoimb body in radial dirBCtior« thentof, to provide a plurality 
of groovee formed in an outer periphery of the honeycomb body to extrand in sakl axial directton: 

preparing a coating material comprising major components cordlarita parUdes and/lor ceramic 
flbere, and a colioidej oxide; 

applyirig said coating maferal to said outer periphery of said ceranwo honeycomb body to fill said 
plurality of grooves, so as to form an outer coating which gives an outer surface of the honeycomb struc- 
ture; and 

drying or firing said outer coating formed on the outer periphery of the tseramic honeycomb body 
BO that said outer coating Is secured to the ceramic honeycomb body. 

13. Aprogess of producing a ceramic hpneycomlJStructureaccprding to daim 12, wherein eaid colloidel oxide 
consists of collddal sUIca or odIoWal ailtnnina, said outw coating containing 3-35 parts by weight of a solid 
portion of said colloidal oxide per IQD parts by w^ht of said cocdierUe particles and/or ceramic fibers. 

14. A coating material used for forming ah outer coating of a ceramic honeycomb structure, comprising as 
m£|jor components ocrdlerite particles and/or ceramic fibers, and a colloidal oxide. 

15. A coating material acconiing to daim 14, viliersin aald colloidal oxide is colloidal silica or colloidal alumina, 
said coating mateH$il containing 3-35 parts by weight of a scdid portion of said colloidal oxide per 1 00 |»rts 
by vMlght of saM ooR^l^ta partlclea and/or ceramic fibers. 
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